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ABST R ACT
Large paddo ck siz e, c o mple x v egetatio np8tte m S and v adable r血血1lc o mbin eto m ake
a ses s m er[t ofgzLZmgimpa ctdifncdtin Anstralia
'
s ad da ndsemi- addl弧ds. Satellitedata are
us efulin s epa mting adv ers egazing eqe cts o nVegetatio n c o v er 舟o m that c a u 畠ed by spatial
a nd 榔 Onal v ariability. Gra zing is fo c uss ed o n w at血 g poiTltS a nd c o v ervarie丘
system atic aJly wi th dist皿 C e舟o m w ate rto pro血c e a
``
gra2ung gr &dicr[t
”
･ A 鮎rgo od rain s,
v egetatio n coverisfullyr esto r edclo s eto watering pointsiflaJlds c apes ar c n otdegraded while
thepersistenc e ofa gr adie ntindic ateslanddegr adatio rLOrde s ertification. Tw o operatio nal
m ethods for objectivelydete miningde s erti鮎atio n ove rlarge a r e as areinu str &ted. We als o
sho who wthe r e s ults ofa n alysingsatellitedata c a nbe etfbctiv elyv eri 鮎d wi th airbo m e vide9
data.
m ODtTCTIO N
Anstr alia
'
s aridand s emi- a rid la nds(the r a ngelands)o c c upy75% ofthe t n aida nd, s o m e six
milion sq. km s. O fthis ar e a58%(3.4 8minio n sq. kms)is gra z ed by she ep and c attle 鮎
c o m m cr cial 1ive sto cke nterpris es. IndividuaHa ndholdings(she ep a ndc attle ra n ches)ra ngein
siz e舟o mhu ndr edstothousa nds ofsq. kns.
Ran ches qe fe n c ed irEtO afe w, to r n azty, paddo cks; the paddo ck being the individual
m a n agemer[tentity･ P d do申 m ayc o ntain s e v e rals o u r c e s of drinkingw aterforliv e sto ck(i･e･
w atering poir(ts)a nd be c a u s e a nimals m u str etum regularlytothese w ater s o u r c e sto drink,
grazing a ctivityte ndsto be c oACe ntraLted ar otlnd w ater･ Are asfurther企om watering points
ar egr a2 X!d le sshte n siv elya ndle s s o丑en. Ho wev e r,liv e sto ck do n ot e血ibit a simple r adi由
patte m of de c r e asi ng gr a 21ng u S age with in cre a sing distw c e舟o m w atering poi71tS be c a u s e
their gra血g activityis als oinAu e n c cd bythe palatability ofa vailable for age O･ow et aL,
1981). Large paddo cks ge n erany c ontAm s e v e ral diHer e nt v egetatio n c o m m n血ies, e a ch
c om m dty h ving adiffer e ntpr efer enc eforlivesto ck be c a u s e of the stlie ofspe ciespr e s ent･
T hehier ar chyofgra zingu s e a m o ngstv egetatio n c o m m u nities m aycha nge a s rainfall alter sthe
rehtiv e attr a ctive nes s0f thedifferentplad spe cie spr e s ertt.
The aridra ngela nds ofc entrd Anstr alia have ahighly v aAn 1e rainfall and dr o ughts are
丘eque nt. Vegetatio n gr o w(h r e spo nds to in&equ e nt rainfhnev e血s a s apuls e wher e,
depe nding on thetiming a ndsiz e of the cverlt, grO Wthpeal=S and the nde clin e s a sm oistu re
againbecom e slimitng(e.g. Noy- M eir, 1973)･ Thegro wthpulsefollowinge a chrainfalleve nt
is ofc o n side r ableimportan c ebe c a u seitdete rmiJle Sthe a m o u nt offorage a vailableforgazing
by lわesto ck, o&e n for s om e
.
m onths･ It als o pres e nts m ajor opportu nitie sfor phnt
repr odu ctio n, gr o wth andr e cr ultm ent･ Land m a n ager sbasto ralists)thu sfa c e adiBic ulttask
ln m atChing anim aln umbe rsto forage a vailabilty res ulting &o m err atic rainfhll･ They m u st
als o e nsure thatfavou r edgra2nng ar e a sinthe urge andspatially c o mplex paddo cks are n ot
da maged byov e r- utnis atio n.
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D ESE R TT m C A T IO N
De s ertiBc atio nis e ss e TTtial1yahu m aJl r athertha Jl aPhysic alpr oble m a nd o c c u r s whe nlmdu s e
e x ceedsla nd c apabilty. M ethods that S e ekto 8SS占ss the e xterlt Of de s ertiBc ation mu st
therefor ebe spe ciBctolandu s e. ITLthe r angClands, des e rtiBc ation caused by e x c e ssiv ele v els
of gra m s c a ninvolve adv er s e cha nge s inthe spe cie s c ompositio n ofpastu r e, lo ss Of
vegetatio n c o v erin s o m e ar e asl ding to a BC elerated e r o sio n, and repla c e m erxt of herbage
spe ciesbytlnPal3tabletr e e s a ndw o odyshrubsin other a r e as. Al lpro c e ss esre sultin ade che
ingrazing produ ctivity.
Gr o und-ba s eda s s es sm e nt ofdes ertific Etio nus uallyirlV OIv es atr ade･ off betw e e n appr oxim ate
m ethods
,
which由vebr oadspatialcoveragcbuta r e s ubjective a ndD on - repe atable, andpr e cis e
m ethods whichonly applyto v erys m allar eas a nda r e n otr epr es e ntativ e of div ers ela nds c ape s.
Satellite data
,
which ar e a vilable fo r whole r egi o n s a nd ha v e丘equ ent c o v erage, offerthe
oppo rhmity of objective a nd r epe atable info r m atio n. Ho w e v ert 8dito nal dc丘nitio n s of
des ertiBc ation
,
s u ch as c xteTIt Of rilla nd gully ero sion or adv e rs echa ngesin the spe cie s
c ompositio n of v egeta;lio n, c a n n ot e asily be u s ed to a s s es sthe exte nt and s everity of
des ertiRc atio n u sing r e m otely-s e n s ed data. Ne w criteriaTrLuStthereforebede v eloped ba s edo n
s u r r ogateindic 8tO r S伊ickup etaZ･ , 1994).
Spe ck
.
aLindic ato t T 0/des e r#J;c ah
'
o 〝
Thelow spatialres olution ofs atellitedata m e a nsthtitisgc n er auyn otpo ssibleto dete cta nd
m eas ure s 皿al1 featur e sinthe lm dsc ape su cha sdlls a ndgulies. N orisitpo ssibletodetect the
mix ofp血tspe cie spr e s e血 8t a Site, o r cha nge
_
I n Spe cie s c o mpo sitio n o v ertim e･ Ho w e v er,
the spe ctralc o ntr a stbctw c e nba t e s oilandv egetatio n o rdiJrer erltle v els ofv cget8tio n cover at
the s c ale ofwholela nds c ape s c a nbe u s edto de v elops u r r ogate m e asu re sofdes erti丘c atio n.
Ex a mple s ofthe distdbutio n of bar e s oilandv egetationin spe ctralspa c e a s m e a s u r ed by a
tr u ck- m o u nted r adio m ete r a p e shoⅥ れ in Figur ei. T his figu r e sho ws a cle ar s epa E 3tion
betw e e nba r e s oila ndv egetatedta rBetS in thepa r allelogr a m whichm akes upthevisible- ge e n
/ vis ble-r ed data spa c e. Ther eis als o n o ob vio tlS S epar atio nbetw e e ndry wdgre en v egetation
whe n m e as u r ed in te r m s ofpe rpe ndic ula rdista n c e舟o m the s oil lin e r epr es e71ted by bar e
ta rgets atthetop of thedata Spa c e. T his rn c a n sthat at the s c ale of both La nds at M S_
and
T MpiE CIs,pe rpe ndic uhrdistan ce 丘or nthe s oillineprovi des anind既 Of both dry a ndgr e e n
v egetatio n c o v e r. The PD54inde xO'ickup el aL. , 1993) us e sthis principle a ndprovides
e stim ate s of vegetatio n c o v e r which c o rr elate w ell withgro und m e as u r es ofc ver(in the
r a nse r= 0.i-0.9). The pr o c edtlr efo r calc ulatingthePI)54 inde xis sho wn s chem atic allyin
Figure2.
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h thela rgepaddo cks of Anstralia
'
s addr angela nds, 斤e e-r a nglng C attle r etu m to s our c es of
drinkirLg W ater ev ery O n etOthr e edays. This spa,tialypredictable aspe ct ofgr a zingbehavio u r
c a nbe u s eda s apa rtials olutio ntothepr oble m ofs epa r ating n atu r alcha ngein the v egetatio n
丘o m thatc 取1 S ed by de s erti6c atio n. Vegetation c o v e rtypic ally de c r e as e stow a rds w atedng
pointsto pr oduc e a
` `
gr a zing
.
gr adie nt
' '
伊ickup198 9)I This c o n c eptisdepictedasthelow er
s olid line Figur e3. Co v er m c r e a s c s aRer ignifica ntrainfilland, wher ec o v erin thevicinity
ofw ateringpoittsisfu uyr e sto r edtotho s ele v elspr e s erlt atS O m edista n c e丘o m w ater(upper
line in Figu r e3), gr a zing eqe cts ar ete mpo r ary a nd n olo ng te r mdam age ha s o c c u rr ed.
H ow ever
,
wherethcgr adie ntpe rsits(dashed lin e- Figu r e3), the n s o m efom ofdam ageha s
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･
ng- 地 cedr e血cEio n
l
'
'2the am o柳 t Ofv egeねtio n c o v e, Zikeb, to be pres e nnPe r the bestBrO WLh conditio '7S
呼 e Yie n c edin a re a so TZabtetim eO3a stin etal. , 1993).
G M mG GR A D IE N T ANALYSIS
Chzing gr adie nts ar cdete cted at the paddo ck s c ale by calc ul血 g aver age c o v erlevels at
in cr easingdistan c e丘
･
orn w ateringpoints･ This c an be donebyr adiom etric allysta ndardising
dry and w et period s atellitedata, c alc uhting the PD5 4inde x ofv egct3tio n c o ver &o m the
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visible-gree n a nd visible-red spe ctr al bands and incorporating spa血1inforTrLatio n which
c ontrols grazingbehviotlr. Su chinfor m atio n.
in clude sthelo c atio n s of fe n c es a nd atural
barriers(e.s, m our[taiJIS) which fo rm paddo cks, dista n c e丘o m w atering poiⅡts a nd the
bo undarie s ofv egetatio n c o m m u nitie s which influ e nce gra zingpr efer e n ce. We cal1this for m
ofgr azinggr adie nta ndysisthe w etperiod & ▼e r age c o y e r(WP AC)m ethod. A v aria nt ofthis
appr o a ch, the resilien ce Jn ethod (R M), is u s ed to pr oduc e a nim age showins whe re
vegetation respon s eto rainZu is abo v e o rbelo wthat which mightbe e xpe cted由v e nlittle or
no gra zing impa ct(Bastin et a)･ , 1996). Belo w-expected r espons e oRen re sults &o m
des ertific atioTl and c an beindic ative of low pr oductivityin thelo ngte r m. A bo v e- e甲 e Cted
re spons eindicates a r e suie ntla nds c ape which m aybein go od¢o ndito n, r e cov e rs w eb Ron
defohation by graz lrlg a nd islikelytobeprodu ctiv e.
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Figur e3. A n o malLgran ng gradie血
Vegetatio n c o v erincre as e swi th distan c e
斤o m w ate rinthedry-period(solidline).
Co v eris eithe rfu nyr e sto r edclo s eto w 8tCr
aAe r rain(b riz o ntal 血e)or aper m an e nt
gradiezt(da shed line)is maintained,
Wetperioda v erage eov u m ethod
The w etperiodaverage c over m ethod ha sbe e nus edtodetermine the e出 erltOfdesertiRc ation
attributabletogr a zing a cr o ss38,00 sq. km . ofc e ntr al Au str alia Pastin etat. , 1993). Thr e e
chara cteristicpatte rn s em e rge whe r egr adie nts arepre s ent:the no r malgradient, the c o mpo site
gradierLt andtheil Ⅳ erS egr adie nt. Typic ale x ample s of thes epatter n s a r e sho wnin Figu r e4.
Nor m山gr adie ntsin volv eaprogres sivein c r e asein average c o v er withdistanc e舟o m w atcdng
poi nts. In s o m einsta n c esthegradier[tdis appe ar s aAe r s ubstazTtialrainfallindc atingthatthe
Br a,21 ng effe ctiste mpo r ary. In the m o丸 degr aded situ atio n s, thegr adie nt oRe npe rsits for
betw e e nfo ur andten kn 舟o m w ater. The s epe rsite ntgr adients a r ege n er allyas so chted wi th
the m o stpr eferr edv egetation c om munitie sththavehad an e xtendedperiod ofhe a vygr a zing.
The s e ar e a s are o8en intensively grazedto the point wherc al edible for喝eis rem o v ed at
tim es. Redu c edc o v er r e s ultsinin cr e a s edr u n offa nde r o sio npr odu cing ale ss血v o u ral)le s oil
eJTvir on m erlt a nd le s s m oistu r efo rpa stu r e re- stablishm erltfollo Ⅶ 喝 rain. La nds c ape swi th
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les ser odible s a ndys oilste ndtobeles sper m a n e Ⅱtly aqe cted by gra zing. Soil distu rbanc eby
tra mpling adjac e ntto w ate mgpohts m ay enha n c e raiJ鳩山in8br 3tio n whilethe a c c u m uhtio n
of livesto ck exc reta m argin auyin cr e a s e s s oiln ut丘e nt a v ailability. T his pfodtlC e Sin cr e a s ed
gr o wth ofu npahtable ephe m er al herba c e o u s spe cie s a nd the c o mpo site w et
-pedodr e spo n s e
depicted in Figu r e4･ hverse gradie nts a r egeneraly as s ociated withda m sin areas of
pr edomin a ntly w o odyv egetatio n･ T he s e ar e as re c eiv addito n alru n o n w ate rftI皿owing go od
rain s, a r epr one to shr ub in cre as e a nd have agr e atly r edu c ed s upply ofpalatable for8ge
伊dedeletaZ･ , 1990)･ 触 ng mimals ar eforc edto forage further丘om w aterprodu cingthe
i肌 e rS ¢dry-periodgradient ofFigure4. Vegd ation m ayfullyre c o v er a q o ssthe erltir e a re a of
the vegetati?A c om nunity fo uowing rain orit m ay dw ays remain higherin the vicinity of
w atering polntS. La ndscapes with v e rylittle palatable forage ar e rehtiv ely u n aqe cted by
grazlng ando氏e nhave nodiscemiblegr adientin v egetatio n cov e rwith dista nc e丘om w ater.
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Figu re4. E w ple s oftypical dry
- a nd w et-pedodgrazhg-grdienttypes obtained 丘o m the
a nalysis ofLa nds at MSS data a cr o s s3S,000sqkm ofaddr a ngelandga z ed byc attlein c entral
Anstralia. The c o v e rind既 istheP D 54inde x ofPickupet(止(1993).
Re sl
'
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'
e〟ee m ethod
W hile W PA C is s utablefo rde s crib ingthe state ofa whole v egetatio n c o m m u nity,itpr ovides
n oinform atio n o nthelo c atio n ofare aswith aboyc･ o rbelow - a v e r喝 e V egetatio ngro v vth,
apart倉o mtheirdistanc e丘o m w ateri ng pOints･ The r e silie n c eTn ethodc an handle 血spr oble m
ofloc atio n-spe ciRcdata. h ke eping withlo calv arid)ility cau sed by m oistu r e r edistributio n,
s oil differ enc e s
, pa stgr azing, etc･ , each lo c a･do n should hv e an expectedr e spo n s eto rainfid
O'ickup el a7. , 19 94) which r epr e s erltS behviollrin a n u ngrazed or s u stainably-gr a z ed
situ ation . Obs erv edr e spons e c anbc c oJnparCd with 既pe Cted re spo n s e and are a s whicha r e
belo w a c c eptableEmitside nti丘edand m &pped･ T hediffer e n c ebtw e e n Obs e rv eda nde xpe cted
r e spo n s ethe npr ovides a m e a s u re of the r esilienc eof the v egetatio n c o m Jn u nity･
Expe ctedc o v e r r espons eis c alc ulateda s aline ar r egr e ssio nbetw e e ninitial(dry-period)cove r
da ss a nd c over r e spo n s efollo wing a rn aJOr rai 血11･ Be c aus e c ove r re spo n s eis pa rtly
depe nde nt o ntheinitialc o v erle v el(i.e. c o v er c a ninc r e a s e only m arginally wher einitialc o v e r
ishigh), r e siduals丘o mthe r egre s sio n a r e s caledby the varianc e ofc o v er r e sponse stratiRed
wi thre spect toinitialcover.
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Tle r e silien c eim agefo rthe v egetatio npr es e nt o n c alc ar c otlS S Oiis ina paddo ck following
approxim ately300 m m ofrd 曲11in MaErCh1989is sho wn in Figu r e5. Area s showinggo od
v egetatio n r espo n s e(i･ e･ da rker appe a r a n c e)ar ein bette r c o ndito n. Co u ttry s u rr o u ndinga
n e w w ater s upply &dded mi dw 8y alo rLg the n o rthe r nfe n c ein 1982h dso m e of the be st
r e spo n s e s eve nye ars hter;e vide n c ethttlntilI 9$ 9atle a st, thispart of thepaddo ck had be e n
s u stain ably gazed. Co n v ers ely, s o m e ofthe po o re st r espo n s eis c o n c e r[tr atedin the s o uth
w estpo rtio n ofthis217sq. km paddo ck - a r oundalargeda m which,･for m arty ye ar s, w asthe
min w ater s upplyinthepaddo ck･ Co rr e spo ndingly, the
"island
''
ofcalc a r e o us co
.
untryea st of
this da mis r elativ ely r e m ote 丘o m w ater and shows no adve rs e eff cts ofga z lnS. Belo w-
aver age re spo nse ofv egetatio n s o uthw e st ofthis m ain w ate r s upply may hve o c c u rred for a
m mbe rofrcas o n s. The m o st放ely 既pla mtionisthat this ar e aisbadlyinfested withrabbits
andtheyhv e sev er elyd噂raded thepastu re.
Figure5. Resilien c eim age ofa
calc ar e o u sla nds c ape u slng
Febr u a ry1988(dryperiod)and
May19$9(w etperiod)P D54
data. Co v er re spo n s e v arie s
丘o
-
m b right,indic atingpo o r
r espo nse,thr o ughgrq toda rk
whichindic atesthebe虫t
r espo n s e. 士helo c atio n s of
w ate rmgpoirltS areindicated by
solidsquar甲 ･ White ar e as
r epr e s e ntle sspr eferr edgr a 21 ng
a r e a swithinthepaddo ck. The
r esine n c e valu es ofthe s e ar e a s
a r c n ot血o w n s o a stoimpr o y e
the cla血yof the点gure.
#
+ _ 聖巴. _ _+
The resilien ceim age c a nbe c o mpar ed wi thaedal_p
hotographs andv eriBedin the field. The
inform atio nportr ayedis u s eful for paddock m 弧 喝 e m e ntbe c a u s eits ugge sts wher efurther
de v elopJTlent(e.g. fencinso r water r eticuhtio n)aJIdreclam atio n a ctivityar ebe stdir e cted. A
this e x a mple 伊igtlr e5),in cr ea s edlive stock produ ctio n c o uldr e s ult 鮎 m shiBing ga zing
pr e ss u r e o ntolightly gra z edc o u ntryto the e ast of the min watering point. This adjustm ezlt
c o uld be a chieved by r eticul&ting w aterthr o ugha pipe血e. Redu cirLg Stock rLu mhers in
spe ci丘c a r e a s c ombined withrabbit c o ntroland suitableland r e clam atio nte ch miqu e s shodd
as sitthedegraded c o u ntrytoimprovein produ ctivity･ In thelonger term 7 im ages c a nbe
produ ced fo1lowingfutu r ego odr ain s l n a n e ntir elyr epe atable m a n n erand the o utputu s edto
a s sit in dete nming the extent of de s ertific ation unde r c o ntimled, or cha nged, gr azing
m a n age m er[tpr a ctic es.
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VE m G A N AL Y SESO FSA T EI.1.rr E D A T AtlS 耶G V IDEO GR APE Y
Gro und truthing of s atellite data u slng C OnV e ntional go Ⅶ1d-based v egetation-surv ey
te chniqu esis v erydi氏cultgiv e nthe spatialcomple xityof thela rge ar e as c o m o nlya s ses s ed.
To r edu c ethisproblem ･ w ehavede v cloped an aiTbo r71e Vidc ogr aphycapbility. This c o n sists
offour c a m eras, e ach Btted with adiLfer er[t 瓜terin ba nds 血血1arto the visible a nd n e ar_
in丘ar edchan n els ofthe mmir e m ote-s c n sl喝 S 3tellite s. The c a m e ra s a re m ounted in &丘a m cin
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Figur e7. CoJnParis o n ofP D 5 4
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